Summary: Detailed observations were made of the structure and microvasculature of the palatine mucous membrane of the common squirrel monkey (Saimiri sciureus) by means of the plastic injection method under a scanning electron microscope. The findings obtained were compared with those of the Japanese monkey and other mammals.
In general, the mucous membrane of the hard palate has been recorded as the masticatory mucosa, as being immovable, and serves to perform important roles such as in swallowing, mastication and vocalization. In prosthodontic dentistry, the condition of the hard palatine mucosa should be examined in order to maintain any plate-type dentures in a state of stability in the mouth.
Transverse palatine plicae or ridges situated on the hard palate are characteristic of species among the mammals, according to their preying behavior, mastication, etc. The fine vasculature of the hard palate has been investigated in the dog by Sayo (1985) , in the cat Toda (1986) and in the rabbit Ike (1990) . Among primates, Castelli et al. (1965) described the gross angiology of the head and neck in Macaca mulatta but no mention was made of the microvasculature of the oral region. The microvasculature of the palate was examined in the Japanese monkey (Macaca fuscata) by Kajiwara (1989) .
The present study attempted to elucidate the morphology and microvasculature of the palatine mucous membrane of the common squirrel monkey (Saimiri sciureus) which belongs to Platyrrhiri E. among the primates. The findings obtained were compared with those of other primates and mammalian species possessing different food habits.
Materials and Methods
Five adult common squirrel monkeys (Saimiri sciureus) were used. They were bled to death after intravenous injection of heparin. The following specimens were prepared for observation.
1) Microvascular casts
Acryl plastic was injected via the common carotid arteries employing the plastic injection method (Ohta et al., 1990 ). The injected palate was dissected after taking an alginate impression of the whole palatine region to prepare a plaster model of its mucous surface. Using 5% NaOH solution, only the soft structures were treated in order to prepare the microvascular casts of the palate. This material was coated with gold and observed under a scanning electron microscope (SEM) (JSM-T300, JEOL).
2) Histological slides
The palate injected with acryl plastic was fixed in 10% formalin solution, embedded in celloidin and sectioned serially in the sagittal direction at a thickness of 1001,tm. The sections were stained with hematoxylin. Findings 1. Osseous palate (Fig. 2) .
The osseous palate was flat, appearing square in form elongated in the sagittal axis. It was composed of the incisive bone, the palatine processes of the maxillae and the horizontal plates of the palatine bones (Fig. 2) . Abundant small foramina as nutrient passages were observed. Distal to the central incisors, a pair of incisive foramina in the shape of ovoids were located on both sides of the median line and communicated with the nasal cavity via the nasopalatine (incisive) canals (Fig. 2) . The major and minor palatine foramina opened in the posterolateral area of the osseous palate. The former was observed in all examples but the latter was absent in some cases. The pterygopalatine incisura was present between the maxillary tuber and the pyramidal process of the palatine bone (Fig. 2) . The incisive papilla scarcely protruded, and a pair of nasopalatine (incisive) canals opened at both sides of the papilla on the palatine mucosa (Figs. 3, 4 and 5).
Posterior to the papilla, seven or eight plicae (ridges) palatinae transversae were observed symmetrically at regular intervals (Figs. 3 and 4) . The first, anteriormost ridge was located at the level of the canines and the last, posteriormost ridge at the 3rd molars. The beginning of the ridges curved forwards and continued posterolaterally not in a steep curve, finally becoming straight. The ridge was about 2 mm in width, and the top of each ridge was not distinct but had a round shape. The medial end of each ridge became thin, not adhering to the opposite ridge. The lateral ends of each of the ridges in the incisive area became thin, but those in the premolars and molars conversely thickened and reached up to their palatal gingivae, where both communicated with each other and formed a continuous protuberance attached to the lingual surface of the premolars and molars (Fig. 3) . The posterior ridges became gradually indistinct by thinning and narrowing.
The interplical areas were flat (Figs. 3 and 4) . The area posterior to the posteriormost ridges was fairly wide with abundant orifices of the palatine glands.
Histological features of the palate (Figs. 6 and 7).
The stratified squamous epithelium covering the hard and soft palates was thicker in the anterior area than in the posterior area, as well as on the plicae (ridges) than in the interplical areas (Figs. 6 and 7).
The lamina propria were similar in all interplical areas but increased in thickness according to the protuberance of the plicae. The height of the papillae in the lamina propria was mostly similar in both the plicae and interplical areas (Figs. 6 and 7).
The submucous layer was similar in thickness to the lamina propria. The border between both structures was not distinct. The thickness of the submucous layer gradually decreased near the palatine torus and gingivae; namely, the lamina propria became directly the periosteum to form the mucoperiosteum. Numerous mucous lobules of the palatine glands were found in an area ranging from the posterior margin of the hard palate to the soft palate (Fig. 6 ). In the submucous layer, a palatine venous plexus was observed to be underdeveloped (vide infra).
Vascular architecture of the palate. A. Arterial system
The blood supply to the hard palate was provided by the major palatine artery appearing via the major palatine foramen and a branch of the soft palatine artery appearing in the posterolateral area of the hard palate via the pterygopalatine incisura (Figs. 8 and 9).
1) Major palatine artery
This artery (0.3-0.5, M. 0.35 mm in diameter; Fig. 8 ) diverged from the descending palatine artery of the sphenopalatine artery. It emerged from the major palatine foramen onto the palate and passed forwards in the submucous tissue, and finally medialwards in the incisive area tortuously to enter a small foramen located closely at a position anterolateral to the incisive foramen (Fig. 8) . En route, it gave rise to numerous medial and lateral branches (0.1-0.2, M. 0.16 mm in diameter; Fig. 8 ).
The medial branches passed medially or anteromedially, anastomosing with one another. The lateral branches passed straight anterolaterally branching to supply the palatine gingivae of the premolars and molars (Fig. 8) .
The passages of the medial and lateral branches were not exactly equal to the curvatures of the palatine ridges at the respective levels. However, branches diverging from each of these branches ran along each palatine ridge as the plical branches , which formed a primary (submucous) arterial network in the submucous tissue (Fig. 8) .
2) Branch of the soft palatine artery
This branch (0.1-0.2, M. 0.15 mm in diameter) diverged from the soft palatine arterywhich descended on the bone surface from the pterygopalatine incisura and reached the hard palate through the posterior margin of the hard palate (Figs . 8 and  9 ). It was usually distributed to a narrow area of the palate posterolateral to the major palatine foramen (Figs. 8 and 9 ).
3) Arterial supply to the plicae palatinae transversae Numerous arterioles diverging from the primary (submucous) arterial network formed a secondary arterial network in the lamina propria (Figs . 1, 10  and 11) . Further, finer twigs diverged from the secondary network, although this was rather difficult to demonstrate, and gave off capillaries towards the epithelium to form a subepithelial capillary network (Figs. 1, 10 and 11 ). In the plicae, long twigs diverging from the secondary network formed a subepithelial capillary network after arborizing repeatedly. Capillary loops diverged from the above capillary network. The loops in the top of the plica were also in the shape of a single hair-pin (about 200 pm in height) (Fig. 12) . In the interplical area , the loop appeared to be of a hair-pin type but there was a somewhat wide distance between its ascending and descending crura (Fig. 13) . The height of the loop was similar to that in the plica.
The opening of the incisive canal was surrounded by usual capillary loops. In the incisive papilla which was not protuberant, high loops were not observed and the form and size were usual as in other areas of the palatine mucosa (Figs. 4 and 5 ).
4) Vascular architecture of the palatine gland
In the area posterior to the posteriormost plicae and soft palate, characteristic capillary networks surrounding the gland body and opening of its duct were observed (Figs. 14 and 15) . A capillary ring was formed at each duct opening without any capillary loops arising from the capillary ring (Fig. 15) . (Figs, 1, 10 and 11) The descending crura of the loop drained into the venous side of the subepithelial capillary network and became confluent with venules. The venules accompanied by an arteriole drained into the primary venous network in the lamina propria. The blood in this network became confluent in the deeper layer to drain into the palatine venous plexus in the submucous tissue, which was named a secondary venous network. This plexus was mostly composed of straight venule routes, expanding from the incisive foramen to the posterior border of the hard palate, laterally not beyond the palatine gingivae of the premolars and molars (Figs. 1, 10 and 11 ).
B. Venous system

Discussion
The blood supply of the palatine mucosa in primates has been investigated by Castelli et al . (1965) in Macaca mulatta and by Kajiwara (1989) in Macaca fuscata. The present study revealed that the major palatine artery emerged onto the hard palate through the palatine foramen, and peripheral branches of the soft palatine artery supplied the posterolateral area of the hard palate. Both major and minor palatine arteries come together from the palatine foramen in the Japanese monkey. The follner supplies the hard palate and the latter the soft palate. The soft palatine artery in the common squirrel monkey may correspond to the minor palatine of the Japanese monkey. In accordance with certain findings of previous investigators, the present authors would like to suggest that arteries supplying the hard palate are called the major and minor palatine arteries, and the artery supplying the soft palate is called the soft palatine artery as described by Sawa (1961) in the dog and cat.
The ends of the medial and lateral branches penetrate into the osseous palate via numerous small foramina located along the median line in the Japanese monkey. Such a situation was not found in the common squirrel monkey, possibly because of the existence of less undeveloped plicae in a smallsized palate as compared to those of the Japanese monkey.
The microvascular architecture of the hard palatine mucosa was studied by Suzuki (1964) in the human adult and fetus employing the india ink injection method and by Sayo (1985) in the dog using plastic casts. Toda (1986) reported detailed findings for the cat palate based on plastic casts, and suggested that the laminar formation of the palatine mucosa could be identified by elucidating the arterial and venous elements in each layer. Ike (1990) studied the microvasculature of the hard palate in the rabbit, and noted a similarity between the capillary loop and the connective papilla of the lamina propria and locational differences between them. Kajiwara (1989) indicated that the microvasculature of the hard palate was generally similar to that of the cat, and the plicae were formed as swellings of the lamina propria.
The laminar formation of the microvasculature in the common squirrel monkey is similar to that of the Japanese monkey. However, the submucous vascular network is thinner than that in the Japanese monkey, and the border between the vascular network in the lamina propria and that in the submucous layer was not evident. The vascular network in the plica is flat because of the low height of the plica itself.
The basis of the plica is built up by swelling of the submucous tissue in the cat, by swelling of the lamina propria with a well-developed palatine venous plexus in the rabbit and by underdeveloped swelling of the lamina propria in the Japanese monkey, respectively. The construction of the plicae in the common squirrel monkey is usually not developed as compared to that in the Japanese monkey.
The histological structure and microvasculature of the hard palatine mucous membrane and plicae are reflected in the food habits and structures and mode of mastication of animal species. The swelling of the high and long plica is constructed by submucous tissue but that of the low and small plica by only the lamina propria. Such a degenerative or negative tendency is evident from comparative investigations between the Japanese monkey and squirrel monkey. Accordingly, close correlations are observed between the development and morphology of the transverse palatine plicae and the predatory or masticatory habits of the respective species. It can be said that the more mastication is performed, the more the degeneration of the plicae becomes progressive in primates. A pair of incisive foramina (a) is seen on the osseous palate. The major palatine foramina ( ,I, ) and the pterygopalatine incisurae (arrowheads) were found in all examples observed but the minor palatine foramina ( C ) in only some cases. Fig. 3 . Plaster model of the palatine mucosa. x 5.
The openings of the incisive canals (arrowheads) are situated on both sides of an indistinct, incisive papilla (*). Seven transverse palatine ridges (numbered) can be observed symmetrically with flat interplical areas. The posterior ones among them become lower. Fig. 4 . The whole microvascular architecture of the palate. x 5.
The morphological similarity between the palatine mucosa in the plaster model and the microvasculature is apparent. Fig. 5 . Close-up around the incisive papilla. x 25.
In this case, eight symmetrical transverse palatine ridges (numbered) can be observed. Fairly large openings (arrowheads) of the incisive canals are located bilateral to an indistinct incisive papilla (*).
Plate II
Figs. 6 and 7. Sagittal sections of the palate. x 5 and x 20, respectively.
In Fig. 6 , the epithelium of the hard palate becomes thinner in its posterior area. The lamina propria is thickened at each swelling of the ridges (numbered). The border between the submucous layer and the lamina propria is not distinct. Palatine glands (*) are observed in the area from the posterior area of the hard palate to the soft palate.
In Fig. 7 , the heights of the papillae in the lamina propria of the ridge are similar to those in the interplical area. Figs. 8 and 9 . Gross vascular casts of the palate. x 5 and x 7.5, respectively.
An area around the major palatine foramen is closed up in Fig. 9 . Parts of the fine vascular casts have been removed in order to reveal the main arterial vessels. A branch (x) of the soft palatine artery (o) passes through the pterygopalatine incisura (arrowheads). Each end of the major palatine arteries (ma), after giving off numerous medial (m) and lateral (I) branches, enters a small foramen ( ) located lateral to the incisive foramen. Fig. 10 . Sagittal section of a microvascular cast of two transverse palatine ridges and the interplical area. x 30.
Abundant arterioles diverging from the primary, submucous arterial network ascend towards the epithelium and form the secondary network in the lamina propria, although it is difficult to identify clearly the respective network. From the latter network, numerous fine twigs diverge to form the subepithelial capillary network immediately beneach the epithelium, from which capillary loops sprout. Plate HI Fig. 11 . Sagittal section of a microvascular cast of the transverse palatine ridge (close-up of the specimen in Fig. 10 ). x 50.
Fine twigs diverging from the arterial network in the lamina propria are somewhat longer, as compared to those in other areas. They arborize to from the subepithelial capillary network.
Figs. 12 and 13. Capillary loops. x 80, respectively.
In Fig. 12 , the loops in the top of the transverse palatine ridge are observed to form a simple hair-pin. In Fig. 13 , the loops in the interplical area are similar to those in the ridge but with a wide intercural distance. The heights of the loops are similar to those in both areas. Figs. 14 and 15. Microvascular casts in the posterior area of the hard palate. x 40 and x 130, respectively.
Each of numerous duct openings (*) of the palatine glands is surrounded by a capillary ring. In Fig. 15 , capillary loops (arrowheads) are not observed around the openings (*), which are surrounded by a capillary ring.
